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1. DIFFUSION OF SHOKE IN THE GROLMD LAYGR OF THE ATMOSPHERE

The intersive disparsion of any admixture intioduoad into the ntmospixero
48 explained by tho turbulence of the atmosphere.

The irregularity of twrbulsat motion means that the problem of the disper~
sion of aeroscl particles susperded in the atmosphere is solved by statistisal
nethods in tho same manner as tha problem of vortital diffusion. In solving
this problem, it is assumed that the introduction of aerosol particlsa into the
atmosphere does nct change the progortiea of tha atmoaphare. .

Taylor /1 7, Ricksrdson /27, and Schmist /2 7gencrelised the problex
of mnlecuiar diffusion in the case of vortical diff:.mica. ;

: The corcantration of the substauce intorduced into the atmosphers 13 dom
termined from the equation o Giffusion . . 3 . e
¢, % _ 3 [ X a(ac) __(D 9 ).
3¢ tax = 3x (D- a.f)’frv b3 )taxP23:) @
Hore o i the gravimsiric vondemuration; x 1s the mean lomgitudingl wind direc-
tion; y is the Alrection perpondicular to this; z is the vartical direction;
u is the mesn spoed of the wind; and L, Dy, and D, are the components of the
. cosfficlent of warticel diffusion D, i

The first solutdon of this eguation wac given by Roborts [/ 7, vho con~
sidered the coeificient of diffusion constany. .
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" For an instantansous point source (a puff of s«iblce')'éémﬁiné eta moment
t “0atapoint x <y =2z =0, Roberts obtained + 2 2
: _r-ut)+yty2

P .
J S De 3
(gmroe)” @
where t is the time from the moment of intorduction of the substance into the
atmosphere, end P {s the weight of the substance introduced. ’

‘For & continnlly active point soirce

tiea®) | "
cr 2 e v (3)
g Dx
where g 1s the rate (discharges per second) of the source,

" For a contimmlly active linear source of inz;inite length
g -

cci@mond S T @

where Q is the discharge per second per unit of length of the source.

Richordson / 5 7 shoved thet the coofficient of twibwlent diffusion varies
within wide limits, and that its magnitudio doponds on the ssale of the phenomenon
in queation. This i3 explained by the fect that eddies of varying magnitude
exizt in a Lurbuleni oliosphore.” 48 o resulb, the megnitude of the ecefficiont
of diffusion increases with ths scale of the phenomenma cbserved, Therefore B R
Rolerta' assunpticn of the conmstancy of this coefficlemt in a turbulemt atmos=- R NI
phore is inoorrest, y LAY

DNichardson showed that if one exandnes the dispersgion of particlos over &8 Uit
oortain interval of timo at an avorage dletance 7\, then the coefficient of dif. .~ .~
fusion for this scale of dispersion ia : -

: D g d-(} ) % : )
The magnituds of a as determived by Richnrdson is equal to 0.2 om 2/3/sec.

(5)

Sitten /67, taking Richardson's concepts as & basis, considered that the 1l
coefficlent of turbulent diffusion is related to ths time of movemont of the .
oloud .

When tho volums of the releaeed cioud 1s small, it will be disporsed by
small eddies which are roughly cormsnsurate with the dimension of the oloud.

~ In proportion to the inoresss of the cloud, all larger eddies will purtici.
pate in its dispersion. : i :

On the basis of Taylor's correlation theory, Sitton shows a relation be-
tween the coefficiont of diffusion and the time of mcyement of the clound:
: kN

v = %— w ML -2 5 ) ’ ( 6) '

Hore S 1> the constant spacific intensity of diffusien; m 4s a dimonsionless

paruzster related to the vertical distribution of ths temparetures and vary-

ing from 1 to 2 (vith the isotherm mx=2). : ; »
For cousentration from an instancona point eource, Sitten obtaine the fol~

lowing expression: Feytrat
© ekt 4"‘ N
S(we .

C L nsiGa)h o
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For a contimally active point source
Py 2

LA 2.0 %r;"::r;\-.o

C s

CF Sy

For a contimnlly asctive linear source of infinite length

¢ 22

C= g am’® S
For a continmlly active linear source with width 2y, v
. 9 ‘ v
s —— P (Yo )y PltE) | o~
“'&#%Su,v's'm ‘}P(j,”% + sa ¥ ¢
where @ (y) is Oramp's function.
laykhtman / 7./, starting with the hypothesis that the magnitude of tho
acefficient of twrbulent diffusion in tho ground layer of the atmosphers vill
depond on the height, determined this relation from the equation for the "mixing
length® which he proposed in a now form:

2 Yi-%h - . . .
J.o=x VT “2,) (10}

(%)

whore i, is the "mixing length"; x is a constant equal o 0.35; 3 ia tho
height e the surface of tho eerth; z, is the roughness of the surfaco {the
height above the surface of the earth at which tho speed of the wind is assumed
equal to zero); p is the parcmetor cimracterising the stability of the atmosphare

sertically, in vhich p vardes from 1 %o oo.

With an adﬁhatic vertical distribution of temporatures (:I.aothemé) T GO;
equation {10) develope into the usual formula of Prandtl for the "mixing longth" .
in the f1ov of an incompreasible ﬁluid, olose to the boundary. (200)
. . . 2 X2 : 10a
The magnitude of parumeter p my be detormined from laykhtman's form
for the cistribution of speeds of wing by height: o
“z z’//‘—:.l/f o S ™
= o Rl : L € S RO
“r g, -1 . R
i The rolstion of the vertiral comprmnent of the coefficient of turbulent
dm“mn’mtmheidxbhpresmdbyhykhﬂmninthefom
7’/ Pl - =
L 2\ )
2 %D, (2)F | ,
0, . ;)a/, 7-1c“f01:(z\,} ? (12}
-! - . : -
[(u. / » _
where 18 the coefficlout of turbulent diffusion at height z3. Equation

(12) 1s only for the ground lzysr of the atmoaphere (approximtely to a
beight of 10-15 moters;.

The horisontal compomonts of the ccefficient of turbulent diffusion D
and D_ are uu_ﬂ:ly not considered to be rclated to tho height and not equal in

 The agations wbtainsd by Sitton wers vorified by us axperimontally.

Smoke from a contirmally active linear source was introduesd into the ground
layer of tho atmosphere, and its concentration at variovs distances ws detor-

N

The recults of ‘tha measursments shovod that Sitton's formia (9) is essen=
. tially correct in its representation of the lew for variation of corcentration

-3
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of smoke duc to the intenpity of the source, the speed of the wind, andthe.
distance,

Together with Ya. L. Zabashinskly /87 we showed that in the case of
& changs of the aversge concentration at the certer of tho smoke weve at the
gromd—-agsuning that the surface of the earth will reflect the clouwd of arols,
the copoentration should be doublsd-~-along the irotherm (m is assumed equal to
two) equation (9) may bo written in the form 2

= 5 '
7 # SaveaX (13)
The symbol S, shovs that only the dispersion upmaid is taken inte consideration
for & linear sources the symbol uy indisates that the spoed of the wind vas
moesured at o helght of 2 meters,

Table 1 gives the values 8, (of tha verticel osmpoment S), caleulated from
expsrimantal date. '

Table 1. Valuss of Yagrituds :

lio of Spead of liind at Differsnoe of Discharpe of
Experi- Altitude of 2 m, Tomporatiwss ai Source on o
mnt in g/sec Ajtitudes of 20  Moter Fromt

- and 150 om, in 9% per Mtae, In G

Llevel. Terrain Without Grass

-$-3 56 0,030
w9 16 0,026
+0.4 47 0,024
-0 2 ' 18 i 0; 023

51ightly Broken Terrein Covared fiith Zigh Grage

-0 0.1 0.086

0.0 ] 0.1 0,09
-0 0.1 0.088
301 0.5 0.092
+40.2 v 0,1  0.080
3.0:4 0.1 0,090
To.1 : 0.1 0.072

Toughness s was determined from data tributiion of the spead
asoording to haisnt 4n accordanss with eqution (11)3 it we elro aseumed
Mt for the isotherm o “e, In this casze (11)

C o S “r .dv iy
: o T = {12a)
Iron this the valuo 30 i 3leo caiculated.

Sat U e & LT

Fron Tabla & It 1s evident that the mgnitude 5, 1s essontially related to -

R HEBomaow
¢

ii

the Hgree of ryaghness LX)
For tha isotherm it may ve assumed Da
. SJ 3;’_‘_’. -

Tho valus of D, may v Jstmained sromeuation (12),. which takes the form
for tho lsothcza ) = ’
Ao iFHY iy 2a
bar =25 (120)

ﬂoinveauwdn:tlzlm.

«l -
L
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23

retiSRRRLD
The valuee of Dy), calculated according tc {12a) -- taking ints oonsidera-
_tlon the faot that §; wes deternined acoording to tha Asta of the axnerimente. {n . o o o Wi
which the speed of wind wis measured at a height of 2 m, must be increased to
fa_ tn g
oy '7—
vhen z, » 1G em Dy) = 0.C63 uy 2, A 4
“ vhen z3 ¢ 0.5 em Dyj = 0.027 up 2.

c:msaqnenﬂy, Dgy corresponds to the walues Sy, given in Table 1.

The value of the horizontal component of the cosfficlent of diffusisn Dy =
Dy may be found from the hypothesis that at a certain holght mbove the earth
the oomponents of the coefficlent of diffusion become the same: Dy = Dy z Dy,
that ias, an icotropic turbulence appears. (The determinatisn of ths magnitude
of the horizoptel eomponent, which has been oited, wvas done together with D.
L. laykhtwan apd L. S. Borishanskiy. )

At this he'ght the brake action of the surface of the earth ceases to
affact Dy. )

; The msasurements of vortiocal energy cited in Brent [ 9_] have been ussd
e . for the determipation of thes height at whish ieotropic turbulenve 1s raached.

£

. )
Io FMgure 1 a curve is glven showing the relation &% acaording to the .
" dste of various authors {wis the oompsnent of varticsl speed in a vertical
direotion, ¥V, in a horizontal).

R — ?l
e
; o Skrayz I .
; . + Brent ' :
; Height in metera o d ~ ° 4 Taylor

Figure 1

As evident from the graph, the most probable assumptlon im that the height
at wvhioh 1sotropie turbulence 1§ reached along the tastherm will be equal to 12-
1% meters. We aceuned this helght to be squal o 13 meters. At this height
i : . DyeDy=Dzyy 3 /30s,. : .
: : : For roughnees z, : 5 om, Dg) « 0.35upz). Cocseguently, for this hetght :
‘o . P . D= D,-"- "~”"‘y‘-’o SRR

It will be im%eresting %o aetimate the average velue of the over-ail co-
officlent of d1ffusion at a helght of_,l meter (D). The magnitude D, may be

: sajonlated as the geocmetric mcan s 3 : -
e A 0=\, 0, (1h) :

o : o In this case 08w, ' .
. y ' D,28.3Y Ox *T-r; ) ) ‘

b ’ e oo, (iba) o .

Vo z, - 10 cm - D) s .35y

- When 2, ¢ 5 em Dy = 0.27u;2)

Whon 25 2 0.5 e Dl - 0-150.1'!1

II. COAUDOLATION OF SMOKE PARTICLES IN A TURBULENT ATMOSPHERE

"":_i Uith the aid of ulcmmieroséspea specially adapygs for fleld measurements,
! vae chauge 1o magnitude of emoke particles in a ciloud o7 smoke expanding in the
ground laysr 57 the atmosphere wag lavestigaied. The number of particiss and tile
- 5 -

=
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veight opncentretion of the smoke were 'measured at various polnte of the smoke
wave. From.the-given measurements:the average radtus of the particles of amoke-
was oaloulated.

The measuremspts showed that the aversge radius of the particles increases
quickly in progortion to the advance of the smoke clowd, and lnmoresees fyrom 2 to
%.16°5 om upon reaching a dlatance of 1,000 metevrs.

Tae number of yart,!ol.as io the experiments was of the order of o4 2 : 106
per oo.

Two prooesses ocour in thé clond of emoke moving ia turbulent atmospheras:

" the dispersion of the particles and their coagulation..

Acoording to Bmalukhovskty [_7, the ohange of the numbar as s result of
coagulatiop 1e equal to _, -,(/‘/
= (15)

where N 16 the number of particles in 8 unit volume; t is the time; K is the
constant of speed of ooagulat!an.

L
On r,ho other hand, the number of particles will decrease as a result of the
turbulent dispersion of the amoke. Accordliog to (13) o
Nz R R ¢1)
where x 16 the diatance traversed by the oloud on the wind; A . Frtuseriv
thas N & 7,;; i Pie tho density of the partlcles; r ls their radius.
The decreanse in number of pzruolea vuh ‘the distance will be equivalent to
1— = - =~ ,1/ P
(t7)
Agsuxing that x z ut we madify egusb* on (15): .
. o (18
Assuaing that the processes of dlepersisn and coagulation proceed indepand~
ently of one ansther, tho total decresse in the number of particles may be ex-

ed by th L2 . ' :
presaed by the eguatlon _dl=<,ﬁ, 7«..-4)4,-‘ ‘ ()

intogratiog (19) 1n the limite from Xy to x and from Ny to N, we obtain
20
""L' (ﬂ, 7"2‘}(1")‘,). . (20)

Hen.oe for the oansf.aut of speed of uongulat.lon we obtain:

K= b{m(“",{f) —%‘fi] 4 ey

Fonation (21) DAy alao be sxpressed by the dimensisns of the partioles,
osasly / -3 7.3 z‘ 5 r_j
— @ (22)
/fﬂ 3 W’f‘“—} X b[’l) ( c Ca) }

wiere T 18 the radias of the partioles; ¢ is t.}\a gravimsiric concentration at
distance x; r, and Bas aorrespond ingly, at dlstande x,.

Tabie 2 showe the results of the cslcalations of the constent of spead

_of ooagalation agoording ho the data of our measurements.

v

Gl
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“able 2. Values of K

Ko of Speed of Wirnd 5, K. 108

»/p Uys in n/sec in cc /sec
1 1.15 0,086 0.5
2 2.8 0.094 19.1
3 3.2 0,088 10.0
& 3.75 0.092 13.4

\\ 5 5.0 0.9 188.0
6 5.9 0.072 177.0
7 5.2 0.03 45
8 604 0.026 10.8
9 YA 0.024 ’ 1.4
) As 18 spparont from Table 2, tho constant of speed coagulation depends
groatly on the spesd of the wind and the vertical vomponent of the coeffiscient
of transfer (S,).
: Tais relation my be exprossed by the following eqution: : '
s - : In figure 2 the relation of 19z K o 19, (sz"') is representad
RN i . ‘.'}'t
. R E X .
: ) o o ' Figure 2.

The relation of X to 8. and U indicatos that in turbulsxt atmusphere, in
addition to cvcagnlation profmed by a thermul movement of mrloonlss, thero a
ooourc coagulation of partiules prodused by turbulent agitatiom, o

The sagaltads of the comstant of spead of coagulation Frocuasd by._molecular
motion, ascording to the exper:lmnt_gf \mitely-Grey nnd Paterson / 11/, for

with o redive of 2 ~ 3,107 on 1s apprvximtely acnal to £.20710 go/sec,

The minimam value ofxtmmdbyvaa:medsthisbyahosttenﬁms;ﬂm
raxisng, by 4,00G timce. )

III. CALOULATION OF THE COSTANT OF SPEED OF TURBULENT CPAGUIATION
The Mmm[z of,,_mglétion of particiss in a flow was first Lmvestiguted
. by Smolnkhovaldy / 10 /. Ho examined coagulation in & laminar f£low along a plane.
8 In thic case as a result of varying apeed of the flow at dlsteuce 3 from
that plane, the mumber of cullisions of rerticles increases, and the epeod of
ocoagulation :
. d¥ 32 _3.ad%,
‘;T-‘-‘j"r"/ dz (23)
’ -7 -
SRR
-
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. Myuller /10_7 considered that in & flow in rotary motior the particles,
‘from inertia, vill diverge from the livies of flow,; and ‘tho spged of coagulation = "~
will increass in proportion tp tho dimensions of the ccagulating particles,

Wigand [ ]&_7, agsuning that the speed of turbulent agitation is propor-
tiomal to the speed of the wind, and considering the factor of proportiomalily
aqual to 0,25, accepted the oquations of Smolukhovskly for the caloulntion of
ths speed of coagulation in a tuarbulent flow,

In this case (23) takes the forw . 3z
i __«—- v N Al p
de 0 (24)
and the constant of speed of coagulation 15 also found to be proportiomal to
the oubs of the radius of the partisles,

The saleulation acgording the Wigand's formula for our case (the radius
of particles of the order 2.10~5qm) stows that the conatant of spasd of coagu-
“lation with a wind speed of 6 m/sec is eqmal to 5,101 en/sac, that ia, ona~
tenth of the constant of spsed of molo:ulor cosgulation.

Like Sitton, wo assumed that in turbulent agitation atrosphsye eddies of
B " randon dimensions are formed, that is. that along with large eddios det:rmimed
o by diffraion, "microsddies" alds axist., These small eddies (more truly, the
i, miving of amall volumes of air at all points of space, prodused by vortieal
movemeit) inoreaso the mumber of coll.sions of particles, and Gotermine the
r?nm:smn of tuvhulant gonma'ln'f!rm Ranavas of tho -H-nam-'lmn'lhr af tuvhnient
mover'smt, an exact solution of the preblen of turbulent coagulation may be ob~-
[ tainidd only by statistical methods; hovgver. an attempt is being mrde in the
ey presen: viork to solve the gziven proble:i x’)rocooding from the dimensions.

The oonstant of epeed of cuagulati:n of particles in a turbulent atmos-
here wust be equivalent to K = K1 - K- (25)
where X) is the constant of ccagulation of particles produced by turbulent
molecular movemert and Rp 1s the coastunt of oocagulatiosn of particles by
- turbulent movement.

Sinco t.ho novement of particler in a turbulent flow is irregular, wo may

. assume that in turbulent coagulation it will be determined by the coefficient

s R T of turbulent diffusion of thy partivles as .n the probl o molecular coagu-
Tl : lation, UConsequently, using Smolukhovskiy’s equation » Wwhich relates the

constant of coagulation to the .coefsicient uf diffua:l.on, ve my write )

K = 4wr (D ks ), (26)

 ' ER where is tho coefficlient of diffusion of particlas, depending on their ro-
. J R SRt spactivd tranafarerse produced by molsoular movement, and Dy is the coefficlerd

S : R of diffusion of pertioies depend:l.ng on theis respesctive trensference produced
v , o © by tuzbulent movement.

s indieutedvabwo, the suagulation of particles in a turbulent atmoephore : AN
duo t¢ nixing producsd by turbulence is much greater than their coagulation S i
' due to tho thormal movemont of molecules. Sl .

- L Therefore, for z turbulent atmoephore |4 muy be assumed that
o . K = 4y1D. ' (26a)
Tt is also possible, wsiug aqla%io': {2:m), %o estimate the avorage valus
of the coefilodant of diffusion particles.

D : acordiag *o Table 2, with 2 wind ol aterages force, ot the order of 3
o N/”cn s "0'10"8 en? /sug, Then, Wi th the gversge wadiva ¢f the porticlss
- : - ¥ 23,107 cm, vo find D, = 0.6+10°3 on?/g e,

The coefficlent of diffuaiogéoi‘ rti:les of gi an dimension, depending
g;amhmhr movamcnt, 18 D720 /sen; that is, Dy is sulier tien Py hy
tines. . )
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The coefficient of turbulent diffusion of a flow in the und lnyez- oi
the atmosphere U, ae was indicated above, in of the order of 2%3 or/sec, and
is therefore larger than D, by 107 times. Tho relation botmeen the coefficiont
of diffusion of perticles of smoke at a distance of the order of +he distances
botween particles D,, and tho coefficient of diffusion of the total cloud of
smoke D, may be f £rom the following:

It is evident that the larger D is, tho larger D, muat bes on ths other
hand, the coefficient of diffusion of partisles must h with an increace
in the kinematic viscosity of the medium, since an inereaso in the kinematic
vlecosity imoreases the dimenslons of the "microeddies,” and consaquently re~
duces the relative transference of particles. Therofore, starting with the con-
cantion of dimension, we may write:

' (27)

whers A is ths dimensionless constand.

The expression for the constant of gpsed of turbulent ooagmation will
asoune the following form:

i .
£= 6/7;"'//?”-;55‘:7’ : (28)
Proceeding from the dimensions; we may also find the relation of the conw
stant of sposd of coagulation to Ieiname tdo viacosity,

The particles in a turbulent flow will collide only in the cvont that they
are subjeoted %o movements relative to one encther from the direction of the
flow, The amllor these movements are, the greater the probability that they
will comveige; for with large movements (larger than the distance botwoen
particles) all the partisles will merely move togother with the moving part of
the f£low vithout approaching one another. On the other harmd, the freater the
speed of ncvement prodused by turbulent movements the groater the probability of
a collision of paerticles, ) i

Let us now oxanino the relation of the distance at which particles mey.
aom and ¢f thoir speed of movement in viacosity,

The distance 5 will be greeter, the greater the visgosity; for tho peata*
the viscosity, the greatsr »ill be the distence from ono another and these
movenents will be extinguishad, according to Reynolds oriterion, ()

S~/ 29

The speed of mcvopent of the mrtiolee w11l decrease with the viacosi.ty

ascording to Stokes! lawt v __, (50)
30

Tiras, the tiws ¢f collision oi‘ parsicles, that is, the time of their coag\ﬂa-
mﬂ, is 5
s Ty (21)

I2 o asoumss ﬂnt the consfant 34 apoed of coaglation is inversely
pooportionol to the time W .
A~z (32)

th.ntherehtionof}{tovﬂ.llbe T :
K ~- .-,&; (23)
and, oomoq.antly, D= 3. A _QJ e e
esde d - . -
Henze (28) will sssume the form ;f‘*%rr‘l yx? (34)
- that u, the sonstant of speed of turbulant coagulatior is proportiomsl to the
anbe ol the coefflolent of diffusion.

Tle Talue of tho ocoffictsnt of wrbuhau nij‘f'uaion nay bo calcu.latad
from (148), axd equation (34) firally assumes the fors '

w,l
.«4)“-"'
Y

K ayrr A® (Ma)

-9 .
SRSEREIED
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cmy -and 3y = Jmobar. e )
A Table 3. Valugs of A » .
Bo . Spoed of iind  Roughness 7, Avelr)igo Valus K. 108 4 105

of U,, in m/scc in em of D+, in cc /sec
%] 1 m/gec . /
1 0.9 0 0.35 0.5 0.22
2 2,15 10 0.35 19.1 0.30
3 2.5 10 . 0,35 10.0 0.21
4 2.9 10 0.35 13.4 0.20
-] 3.9 B[] 0.35. 128.0 0,36
6 ) 10 0.35 177.0 0.30
7 b7 0.5 0.15 43 0.20
8 5.7 C.5 0.15 10.8 0,22
9 6,6 0.5 0.15 15.4 0.22

The . rerage valuo of A = 0.25-10"5, The constancy of 4 mey serve as a
proof of the acouracy of the oquations cited,

Equation (34) my also be obtained from an examination of the mechanienm )
of a turbulent flow, . o

Contemporary ideas on tla loonl stenctims of a tuwrbulont £low wers first

£ orges av b LGW VGIU LALBL . -

formulated by Rickardeon / 5/, It is assuaed that the smllest dimension of

pulsations in a twrtnilent stream A,1s datermined by the viscosity of ?e .r?dium S
13/«

on ths ocondition that Reymolda' number Re A,1s of the order of unity

Diseipation of the emergy of the turbulemt flow ocours in thess pulsations, - ¥

It 43 also assumed that turbulent pulsations camnot exist on a Soale lssa
than \,, since they sust quiokly be exiinguished becanse of the viscosity; and
at thess scales only lembiar (visoous) flov 4s possible, .

Small soals pulsations, howsver, not only are extinguished but constantly
regencrate, and, consoquently they alwmays exiat in a turbulent flov.

Ths assumption of the presence of such pulsations may 8¢rve as an oxpluna- -
tlou of the causon of turbulent coagulation in a flow, Under the sotion of thess
flnctmations, the partiules will bo cubjected tn smell movements at short dis-
tanoes AAC A,. Inesmuch es these flustuetions are produced by the turbulonse,
ons buy assume thet the ooefficient of diffusion of particies even in this zone
of magritules A will obey the funotion found by Richardson D, = 6.2 (A ),

The caloulation of T ford of the order of the average diatance betmeon -
particles (witk the average mubver of pa: ticlgs in our experiments N = 5,109
per 03, the distances batwesn particles A= R~/3 = 1,3,20Z0m) gives s value
DAw 0,5.103cm 2/sec. This sgrees wa.l with tie value of the coofficient of

of particles Dy, celoulated from the data for the suagulation of
particles in the atmosybara. S e . iz g

IJM theory of zgmbuotropic turblonce was worked out. by Kolmogorov
L4 and Obukhov /15 /. They showed that the dlasipation of energy of a
turbnisnt strean . b..)3

24
~ Bl
(35)

whors £ is the dissipation of energy per unit of volume per unit of time; d.1s
the cbasge in mpoad of tho flow abt distanco of the order 1; and 1 ic ths aosio
of the turbuleros of th. flow. .

-10 «

!. | | ‘v

?“ values of A are given in Table 3, where r is considered equivalent Yo .. 4 :

oo a—
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‘™~

Obukmv [ 13, 16_2 ghowed that the average quadratic novement of pertic]:ea o

in a twrbwlent flow A {f> R> o)

e & g3 :

. A (36)
Let us use equation (35) for ths dissipation of energy, assuming that D

of the flow . Dlz —~ Aw-zf, (37

and let us substitute the valus valus fu fron (37) for (35). Then
~ \ - (38)
}\1 _~ Dx,r 63, -
s (39)

On the other hand, the average qumdratic movemont of a perticle in ir-
regular movement
X"' ’\.—D" Lo ( 40)

Irasmuch as the average quadratic movement of a particle- in both cases
will be tho same, then it is gyident from (39) and (40) thet

or

D
| Dq A Ivi- 2 (41)
Ingsmuch as nch is determired only by tho viscosity of the medium, wo may .
asaume __; < bud
ez =bvh (42)
" wheve b is tha dimonsionless constant. ‘
Henoo, we ob’ain the equation 03 . ‘
Dy=4- L, S -
, R S0 )
identical vith equation (34) obtained sarlior, whore A = b, '
However, aceo: to the theory of Obukhov, equation (43) my be trus

only fn tho case A A, - v :

The oublical relation of the constant of spewd nf coagulation to the
coeffisient of diffusion, which we found experimentally permits ia our opinion
the extension of the equations obtainad in the theory of locally isotropic
turbulense of Kolmogorov-Ubukhov to scales less than A,. assumding thot in these

-geales there actually exist puleations of random dimensions prodused by e

turbulent f{low, :

Otie may aleo sstiwate the part of the energy present in the pulsstions
‘producing the scagulation of particlos, uaing the valuca of the coofficients
of diffusion of the fiow and particlies.

In conclusion let us cxumive comstant 4. - I muri chmzasterize the ceale
of the pheromena cbserved. : ‘ R

Aotaully, the spesd of coagulation is determined by the mumber of collisions
of particies locatad ot minute ‘stancas from one unother. For these distancer
the ocoaffiscient of turbulent diffusion will bs considorably less than the coef-
f£icient of turbulent diffusion Dp » calculated for the diffusion of the amoko
ocloud as a whole. -

Denoting by D, the oceffiolent of turbulent diffusion for scales of the
order of distancca’bstween purlsaicles, we my 2ssuno:
. ” :

A=l
ox (44)
For determivation of l)v and Dy in tho case of turbulent coagulation wo
nay also assuma? Ty Ao iy Srd Oy S 7 P . s
Froz ogmtion (35) i% is otvious that
& ) 9l o ~(_§‘ z)I/J ) |
L U (46)
-1l -
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Substituting equations (45) nnd (46) in (44), we obtain

agnituds A 1s determined from the avers(n distance te%meen particles,

47)

In our experiments the averngs distance brtwaen two perticles was equivalent

to A=h300 % em.
For determining the magntuds 1 we use th equatich of Iaykhtman (10) ior the
fgixing length,? ‘ :

Because Wo are examining the case of adisiatic distribution of temperatiros,
the verticel component of +'® "mixing longth” 2 ey
g = . (lnl )
At a baight of 1 metur ./, = X-/= 0.3% neter.

It was indicated abwve that the average height at which igotiopis turbilenes
is reached is equivaisn’ to 13 moters. Therefoin, we mny a1owe
,/l:/"-‘ ,3‘]:/33‘/757’1. :48)

¥agnitude {,for Taight of 1 meter my be cotermimed in the same way as ‘he A i 2
avarage velus of tho soefficiont of diffusion, . . L

Aoorttng to (), , Iy,
. . - VA ;".AIV—...-~ T B TR
-5 (&)

Substituting the found values ) and{ for (35), we find that =43 /07"

Gomparing che valus A (A = 0,2510~5) tainad Prou the experiment with the
calonleted va'ne, v £ind that these magnit:des ave of the sume order,

Thus 8 sxpression for ths constant o' s,;:aed of turbulunt coagulation as~
sumes the Jollowing £imal forms YD ,
K=rr (f[) Y=
(50)

T1s equation found relating tho consta.’ of speed of coaglation of perticler

: o in a farbulent medlum to the coefficient of ‘urbulent diffision may ba used to ex-

- plaiz certein coagulation proossses which tale place in oizuds and in the floccula-
' S tiurof oolloids’ particles in moving fluida, ' St

SR R In conolusion I mst express my gretitiie to M. K. Baramyev for a number of
: va.mbie suggestions. * '
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